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and it was found that the helix content could be expressed in terms of either one of the two parameters.
As a result of this analysis it was concluded that the rotatory dispersion parameters of polypeptides and proteins (in aqueous solutions) existing in a-helical or random conformations, or mixtures of the two, fit equation (2). A failure to fit this equation was taken as an indication of the presence of other structures.
In this communication we extend this analysis to the optical rotatory dispersions of polypeptides and proteins in a variety of organic solvents, and compare the results so obtained with the ones obtained in aqueous solutions.
Analysis of Some Optical Rotatory Dispersion Data of Synthetic Polypeptides and
Proteins in Organic Solvents.-During the past ten years there have been a number of investigations into the effect of various organic solvents on the optical rotation and rotatory dispersion of several synthetic polypeptides and some proteins.2 Much of this work arose from the fact that many high-molecular-weight polypeptides are soluble only in organic solvents. As a result of these investigations it was found that the type of organic solvent had a pronounced effect on the conformation of the solute. It is now recognized, for example, that highly polar solvents such as dichloroacetic acid and trifluoroacetic acid often disrupt a-helical conformations in synthetic polypeptides, whereas less polar solvents such as chloroform, dioxane, and chloroethanol often promote helix formation in synthetic polypeptides and some proteins.
We have calculated A (ap) (193) and A (ap)22n for several polypeptides in a variety of organic solvents. The data are reported in Figure 1 ; some of the data are recorded in Table 1 . In these solvents, as in aqueous solutions, a linear relation between A (ap) (193) and A (a,p)225 has been found for the polypeptides whose conformations are a-helical, random, or mixtures of these forms. The plot of A (ap) (193) These differences become significant at low helix content. 
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DCA:TFA(1:1) (3) it is possible to derive two equations which allow the determination of helix content in organic solvents, making the assumptions that poly-Lmethionine is completely a-helical in chloroform (A(asp) (193) = +3020, A(ap)22 = -1900) and that a 1:1 copoly L-methionine: L-methyl-S-cysteine exists in a completely random conformation in a 1: 1 mixture of dichloroacetic: trifluoroacetic acid (A (txp) (193) = -600, A (ap)226 = 0). The equations for helix content then become those shown in (4) and (5) H193 -A(a,p) (193) +600 (4)
H22
-A(aP)
Since to a first approximation the linear relation between A (ap) (193) and A (ap)2 does not seem to depend on amino acid composition, organic solvent, or temperature as long as the conformation remains a-helical or random, we may assume at this point that in organic solvents these internal or external conditions do not affect in an appreciable way the values of A (ap) (193) and A (a p)225 for a given a-helix content.
We may therefore assume that the uncertainty in the estimation of helix content depends on the scatter of the experimental points defining the line in Figure 1 , which is approximately t 5 per cent helix content. Thus, in the case of aqueous solutions, where the experimental scatter is much smaller, the previous estimate of an accuracy better than 4-5 per cent is reasonable.
Since equations (4) and (5) derive from equation (3), rotatory dispersion parameters of polypeptides and proteins dissolved in organic solvents which do not fit equation (3) will give values of helix content from equations (4) and (5) which differ from each other (see last entries in Table 1 ). If the difference in calculated helix content from equations (4) and (5) is greater than the experimental error, this should, as in the case of the aqueous solutions data, point to the existence of structures in the solute other than a-helical and random. However, as we stated above, there can be reasons other than experimental errors which may allow for the lack of perfect linearity between A(a p) (193) and A (ap)226 in organic solvents. Therefore, the fact that polypeptides or proteins in organic solvents do not fit equation (3) exactly must at this time be regarded only as indicating the possibility that they contain other structures, except in those cases where the deviation from the relation is very great (Fig. 1) .
The rotatory dispersion data for some proteins in organic solvents have been analyzed and plotted in the form described by equation (1) . The values of A ,) (193) and A(aP)225 so obtained are plotted in Figure 2 and the values shown in Table 2 . As can be seen, the points fall well within the experimental error referred to above.
The presence of Cotton effects other than those considered1 (namely, the 193, 198 , and virtual 225 mg Cotton effects) will prevent a fit between A (ac,) (193) and A (a,p)225 in equation (3) . In addition left-handed a-helices may not fit equation (3) Plot of A(ap)(s3) versus A(ap)2U for proteins in organic solvents. The numbers correspond to the entries in Table 2 .
Plot of A(ap)(s93) versus
A(a,p)225 for polypeptides and proteins in aqueous solutions.
influence the values of A tp) (198) and A (ap)22=. Although it may be premature to draw a definite conclusion, the smaller levorotation in organic solvents compared to aqueous solutions seems to have its origin in the differences in dielectric constant between these two classes of solvents.
The magnitude of the differences in dielectric constant among organic solvents (D = 2-20) is less than the difference in dielectric constant between water (D = 80) and organic solvents as a class. Thus, one may expect to observe differences in A's from aqueous to organic solvents, but smaller differences among A's from the various organic solvents. It can be seen from the data in Figures 1 and 2 As can be seen in Figure 3, (8) 55.8 which is the mean of equations (6) and (7), are shown in Tables 1 and 2. Conclusions.-In this and the previous communication' we have shown that a new equation (eq. 1) describes the visible and near-ultraviolet rotatory dispersion data of a-helical and random polypeptides and proteins in organic solvents and aqueous solutions, respectively. This new equation is a modified two-term Drude equation. The two rotatory parameters A (,p) (193) and A (a,p)225 were shown to be a-helix parameters which are influenced appreciably only by the dielectric constant of the solvent. For a given a-helix content the variation of the rotatory parameters is small enough so that all solvents may be grouped in two categories: high and low dielectric constant solvents. In each of these classes the a-helix content can be expressed by two independent linearly related parameters [eqs. (2) and (3)1.
It has been shown that if a polypeptide or protein gives values of A(asp) (193) and A(ap)225 which do not fit equations (2) or (3), this indicates that other structures such as extended conformations, proline helices, or other types of helices are present.
We infer that the fit of A(ap (193) and A(ap)225 to these equations indicates the presence in the polypeptides or the proteins of only a-helical or random conformations within the limits of experimental error described in this communication.
Finally it was found that the quantity A (a p) (193)-A(a,P)226 is independent of solvent to a first approximation and can therefore be used as an a-helix content parameter which is independent of solvent.
An advantage of this analysis over previous types of optical rotatory dispersion analyses is that the a-helix content can be obtained independently from two rotatory dispersion parameters, thus allowing an internal check on the a-helix content of the polypeptide or protein. Comparisons of previous types of optical rotatory dispersion analyses with the present one will be discussed in a forthcoming communication.
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